The nuclear pore complex is the primary conduit for nuclear import and export of molecules. In this issue, Gu et al. uncover a novel mechanism in which immune signaling and programmed cell death require nuclear pore rearrangement and release of sequestered cyclin-dependent kinase inhibitors to elicit immunity and death.
Trafficking of molecules in and out of the nucleus occurs through nuclear pore complexes (NPCs). NPCs are composed of proteins called nucleoporins that maintain NPC structure and/or mediate nucleocytoplasmic trafficking. Translocation of large cargos through NPCs requires regulated interactions between cargo-bound transport receptors and nucleoporins.
Throughout evolution, components of the nuclear transport machinery have been targets of pathogens as well as important components of immune responses. Certain nucleoporins and nuclear transport factors interact with pathogenic factors and mediate specific immune responses in both mammals (Faria et al., 2006; Yarbrough et al., 2014) and plants (Cheng et al., 2009; Palma et al., 2005; Zhang and Li, 2005) . In plants, a diverse set of nucleotide-binding leucine-rich repeat receptor proteins (NB-LRRs) are activated in response to pathogens, thereby promoting effectortriggered immunity (ETI) and ETI-associated programmed cell death (PCD). Plant cells with a gain-of-function mutation in a NB-LRR of the Toll interleukin1 receptor (TIR) sub-family show constitutive pathogen resistance. The resistance requires the function of MOS3, an Arabidopsis thaliana homolog of the mammalian Nup96 nucleoporin . Conversely, a nuclear envelope protein called CPR5 prevents ETI (Wang et al., 2014) , and it must be inhibited for ETI activation. In this issue, Gu et al. (2016) show that CPR5 is an integral part of the plant NPC, a finding with two key mechanistic consequences (Figure 1) .
First, homomeric CPR5 association within the NPC is critical for the distribution and function of ETI regulators. Using a biomolecular fluorescence complementation (BiFC) assay, Gu et al. (2016) show that the N-terminal domain of CPR5 forms homomeric interactions within the NPC. Induction of ETI through expression of the Pseudomonas syringae pv. maculicola (Psm) effector protein AvrRpt2 and its cognate NB-LRR, Rpt2, diminishes the homomeric interactions of CPR5. Similar responses were obtained after other challenges that promote ETI, leading to the conclusion that CPR5 oligomerization is generally disrupted in response to effector-triggered NB-LRR activation. Interestingly, an N-terminally truncated form of CPR5 (CPR5 ) is not functional, but its overexpression displaces endogenous CPR5 from NPCs. Transcriptome profiling of CPR5 275-564 -expressing cells reveals features reminiscent of cells undergoing stress responses. These cells also show cytoplasmic retention of stress-and hormone-controlled nuclear proteins, possibly indicating a change in NPC penetrability. Consistent with this idea, crosses with mutants in other nucleoporins promotes either rescue (nup88) or exacerbation (nup54, nup58, and nup136) of cpr5 phenotypes, including altered gene expression, stunted growth, and spontaneous PCD. In analogy to caspase-dependent changes of NPC permeability observed in apoptotic mammalian cells, Gu et al. (2016) postulate that loss of CPR5 homomeric binding during ETI disrupts the meshwork of phenylalanineglycine (FG)-containing nucleoporins in the central channel of the NPC, thus increasing NPC permeability. While this is an interesting model, it remains possible that part of the observed re-distribution of nuclear proteins could be an indirect consequence of ETI induction or that changes in CPR5 oligomerization could act through mechanisms that do not necessarily require changes in bulk NPC permeability. In particular, conformational changes within the NPC can enhance or arrest specific nuclear transport pathways. For example, the Mad1p spindle assembly checkpoint protein in budding yeast binds to NPCs in response to mitotic defects, causing exposure of a Nup53p domain that is normally obscured by binding to Nup170p (Cairo et al., 2013) . This Nup53p domain binds with high affinity to a nuclear transport receptor, Kap121p, slowing the rate of import for Kap121p cargo proteins. At the same time, NPCs are critical for organizing chromatin metabolism and gene expression (Ptak and Wozniak, 2016) , and changes in CPR5 association could promote the ETI transcriptional program by altering such NPC-chromatin interactions. It will be interesting in the future to understand how changes in CPR5 homomeric binding operate through any or all of these three mechanisms-global changes in NPC permeability, the control of specific transport pathways, or NPCgenomic interactions-to modulate gene expression during ETI. It will also be important to understand the mechanism through which structurally diverse NB-LRR proteins act similarly to alter CPR5 oligomeric status within the NPC, and thus drive closely related downstream gene expression programs.
Second, CPR5's oligomerization status controls retention within the NPC of cyclin-dependent kinase inhibitors (CKIs) that are critical for ETI induction. SIAMESE (SIM) and SIAMESE-RELATED 1 (SMR1) are CKIs that bind CPR5 in an ETI-regulated fashion (Wang et al., 2014) . This binding becomes attenuated upon ETI induction, allowing CKI release, hyperphosphorylation of retinoblastomarelated 1, and activation of the ETI transcriptional program by E2F, a transcription factor that also plays a central role in cell-cycle progression (Wang et al., 2014) . A mutant of CPR5 that is constitutively monomeric (CPR5 G120D ) behaves as a null allele with persistent ETI activation, supporting the idea that maintenance of CPR5 in a monomeric state is sufficient to induce many or all events downstream of NB-LRR activation. Gu et al. (2016) compare SIM binding to CPR5 G120D versus binding to wild-type CPR5. They observe that CPR5
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Figure 1. Nuclear Pore Rearrangement upon NB-LRR Signaling Induces Effector-Triggered Immunity and Programmed Cell Death
The activation of nucleotide-binding leucine-rich repeat receptor proteins (NB-LRR) results in disruption of CPR5 oligomerization, which causes the release of cyclin-dependent kinase inhibitors (CKIs) sequestered by CPR5 and rearrangement of trafficking through the nuclear pore complex. Together, these effects cause immune/stress signaling cargos to enter the nucleus to trigger transcription of genes that encode proteins that function in effector-triggered immunity (ETI) and programmed cell death (PCD).
shows weaker SIM binding, supporting a model in which dissociation of CPR5 homomeric binding releases CKIs during ETI and drives E2F-controlled gene expression. Notably, SIM overexpression is not sufficient in isolation to cause full ETI activation, indicating that both CKI release and structural changes within the NPC are essential for immune responses. Arabidopsis SIM and SMR1 are important for the control of endoreplication (Churchman et al., 2006) , which facilitates the formation of specialized cells through multiple rounds of replication without intervening cell division. SIM is particularly critical for the development of trichomes, branched single-celled shoot hairs that extend out from the epidermis. CPR5 has been implicated in a wide variety of developmental pathways, including endoreplication of trichomes. It will be fascinating in the future to examine whether the CPR5 oligomeric changes may also come into play in these contexts, regulating SIM and SMR1 function in other endoreduplicating cells.
Overall, Gu et al. (2016) have revealed a novel signaling mechanism employing the NPC as a versatile regulatory platform that will likely impact our understanding of immune and cell death pathways not only in plants but also in mammals. Future structural studies in this context may uncover the plasticity of the nuclear pore under pathogen challenge.
The recent advent of technologies enabling cell-type-specific recording and manipulation of neuronal activity spurred tremendous progress in neuroscience. However, they have been largely limited to mice, which lack the richness in behavior of primates. Stauffer et al. now present a generalizable method for achieving cell-type specificity in monkeys.
The last decade has been transformative for neuroscience. This is primarily due to the advent of exciting technologies that permit monitoring and manipulation of specific neural circuits (Deisseroth and Schnitzer, 2013) . While neural circuits were traditionally considered to have nodes representing different anatomical areas, a preponderance of evidence now suggests that these nodes are formed by specific cell types within areasdefined by genetic markers or projections-instead of the areas as a whole. Thus, it is vital that future work strives to define and study precisely defined cell types. However, most mammalian studies have relied on mice, which lack the complex behavioral repertoire that other species such as rats, and especially monkeys, possess. Thus, being able to perform cell-type-specific studies in monkeys would be a major leap in the progress of neuroscience. In this issue of Cell, Stauffer et al. (2016) present the first such study in monkeys by targeting midbrain dopamine neurons for both optogenetic tagging and manipulation.
Historically, methods for cell-type specificity have relied heavily on genetically modified ''lines,'' especially mice, fish, and flies (Capecchi, 2005; Miklos and Rubin, 1996) . Specifically, neuroscientists have made use of animals in which DNA has been added or modified within the genome in embryonic stem cells. These techniques have been greatly
